Let μ : FX → X be a principal bundle of frames with the structure group Gl n (R) and let
Introduction
One of the objects of the variational theory is to find the extremals of a given variational problem. It is well known that the main tool for this is the Euler-Lagrange equations. In generally, for variational problems given by Lagrangians of order r, the order of the corresponding Euler-Lagrange equations is 2r. In the case when an underlying manifold has the structure of a principal fibre bundle, with the structure group G, and the variational problem is defined by G-invariant Lagrangians, the original system of the Euler-Lagrange equations can be reduced.
Originally, the idea of a reduction of the Euler-Lagrange equations comes from mechanics, where G-invariant Lagrangian defined on the tangent bundle of a Lie group G is considered. The equations of new kind for reduced Lagrangian are the Euler-Poincaré equations. Such mechanism is called the Euler-Poincaré reduction, and its extension to field theory was done in [3] [4] [5] . In this case, we have a Lagrangian defined on the first jet prolongation J 1 P of a principal fibre bundle P , invariant under the natural action induced by the structure group G on J 1 P . The domain of definition of the reduced variational problem, in the sense of Euler-Poincaré reduction, is then the bundle of connections C (P ), which can be identified with ( J 1 P )/G. It was shown that locally there is the equivalence between the solutions of the Euler-Lagrange equations for Ginvariant Lagrangian on one side, and solutions of the Euler-Poincaré equations for reduced Lagrangian plus the condition of vanishing curvature on other side. In this paper, we consider the frame bundle FX over an n-dimensional manifold X and the same type of invariant variational problems defined on J 1 FX. Section 2 is devoted to the basic notions from the variational theory on frame bundles. 
Variational theory on frame bundles
In this section we recall basic notions from the variational theory on frame bundles. For more detailed exposition the reader can also consult [1, 2, 8, 10, 12] .
Let μ : FX → X be the frame bundle over oriented n-dimensional manifold X . FX has the structure of a principal fiber bundle with the structure group Gl n (R), dimension of a fibre is n 2 . A frame at a point x ∈ X is a pair Ξ = (x, ζ ), where ζ = (ζ 1 , ζ 2 
, and
where Ξ ∈ V . We denote by y j k
For the functions on V r , we define the formal derivative operator (with respect to the fibred chart (U , ϕ)) by 
is the variation of the variational function λ Ω at γ , induced by the vector field ξ . We say that a section 
where a k j are the canonical coordinates on Gl n (R). This action can be canonically prolonged to the action of Gl n (R) on J r FX.
In the associated charts on FX and J r FX,
where 0 m r.
A form η on J r FX is invariant with respect to the action of Gl n (R) ( 
The functions
, we obtain a chart (V r , Ψ r ) on J r FX, which is said to be Gl n (R)-adapted.
For r 1, let us denote
The quotient projection μ (r) : For r = 1, the space C 1 X = J 1 FX/Gl n (R) can be identified with the bundle of linear connections (García [7] , Krupka [11] ). In the case r > 1, the space C r X is said to be the bundle of an r-th order connections (Kolář [9] ). 
Lemma 2. (a) A function on J r FX is Gl n (R)-invariant if and only if it depends, locally, on the coordinates (x
i , Γ i k 1 p , Γ i k 1 k 2 p , . . . , Γ i k 1 k 2 ...k r p ) on C r X only. (b) A k-form η on J r
FX is Gl n (R)-invariant if and only if in any chart on X ,
d p f = ∂ f ∂x p + r s=1 k 1 k 2 ··· k s ∂ f ∂Γ i k 1 k 2 ...k s j Γ i k 1 k 2 ...k s pj + Γ i k 1 k 2 ...k s q Γ q pj .(2)
Lemma 3. The Euler-Lagrange form E λ , associated with Gl n (R)-invariant Lagrangian λ on J r FX, is Gl n (R)-invariant.

Corollary 1. (a) A Lagrangian λ on J r FX is Gl n (R)-invariant if and only if in any Gl n (R)-adapted chart, the associated Lagrange function L is Gl n (R)-invariant. (b) Coordinate expression of the Euler-Lagrange form E λ , associated with Gl n (R)-invariant
Lagrangian λ on J r FX, is E λ = F l i (L)y j l dx i j ∧ ω 0 , where F l i (L) are Gl n (R)-invariant functions.
Invariant variational problems
The structure of the fibred manifold J 1 FX, as described in Lemma 1, gives us the correspondence between sections of the bundle C 1 X and sections of J 1 FX (see [14] ). If w : V → J 1 FX is Gl n (R)-equivariant section, then the connection Γ , defined by (4), is said to be associated with w. 
Lemma 4. Equations
We choose any frame field γ : U → FX, and then define δ :
over an open set U , we say that δ generates Γ on U .
Consider the restriction of the correspondence δ → μ (1) • δ to holonomic sections, i.e., to sections δ of the form δ = J 1 γ , where γ is a section of FX. If
for some frame field γ , we say that γ generates Γ on U . If every point of X has a neighborhood U such that Γ = μ (1) • J 1 γ for some frame field γ , we say that Γ is locally generated by frame fields. 
or,
) is flat connection, it satisfies the system of Eqs. (7). This system represents the integrability conditions for the system (6), ensures us local existence of the corresponding frame field γ :
for Γ , and then Γ is locally generated by the frame fields (see [6] ). 2
Note that the conditions of zero curvature (7) for a connection Γ , to be locally generated by frame fields, are equivalent with the compatibility conditions (3) (8) are Gl n (R)-invariant functions, i.e., can be considered as the functions on C 1 FX
where J 1 μ (1) denotes the 1-jet prolongation of the quotient projection μ (1) (over X ), and canonical inclusions C
and
To describe the image of ν in J . We introduce the formal curvature tensor on
(compare with (5)).
Consider the sequence
of bundles over X . We have the following result. 
This identification allows us to consider the Euler-Lagrange equations of the first order variational problem, defined on C 2 X , as associated variational problem on J 1 C 1 X for connections. More precisely, 
